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(54) Title: OCULAR TREATMENT DEVICE 
(57) Abstract 

An ocular treatment device and 
methods for applying a treatment liquid 
to the eye are disclosed. The invention 
provides for the discharge of treatment 
liquid from a nozzle (60) in a jet or 
multiple droplets of at least 20 
diameter to a target area of the eye. 
They are discharged at a speed sufficient 
to ensure that they are carried to the 
target area of the eye under their own 
momentum. Provision is made for the total 
quantity of treatment liquid discharged 
to be predetermined corresponding to a 
specific dosage form, and for this purpose 
a separate volume of the liquid may be 
drawn from a reservoir prior to discharge. 
In another arrangement, treatment liquid 
in a reservoir (68) is under continuous 
pressure, and the amount of liquid 
discharged is determined by the operation 
of a discharge valve (62). 
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OCULAR TREATMENT DEVICE 

This invention relates to ocular treatment devices, 
and particularly to a device of the kind which is 
operable to deliver to the eye treatment fluids in the 
form of jets and droplets. Such a device is disclosed 
5 in European Patent Specification No. 0224352. The 
device of that specification generates a stream of 
electrically charged droplets, which is directed towards 
the earthed target site by means of an electrical field. 
While this is suitable for a certain range of liquids 

10 there are potential disadvantages in the delivery of 
charged droplets to sensitive treatment areas such as 
the eye where adverse reactions could be provoked. 

The present invention is directed. at an ocular 
treatment device which can direct small uncharged 

15 droplets or jets of fluid towards a target area in the 
eye. A device according to the invention comprises a 
reservoir for a source of treatment liquid, the 
reservoir being coupled to a discharge nozzle; means for 
pressurising treatment liquid from the reservoir, and 

20 providing for discharge of such pressurised liquid from 
the nozzle in multiple droplets having a minimum 
diameter of about 20 /xm diameter to a target area of the 
eye. In an alternative, the device may be adapted to 
discharge a jet or jets of fluid with a minimum diameter 

25 of typically about 10 fm. If such a 10 pm jet is broken 
up, the result will be droplets of around 20 /ra 
diameter. In Rayleigh atomisation the droplets diameter 
is 1.89 times the jet diameter. Thus, the invention also 
includes devices adapted to generate a jet or jets of 

30 treatment fluid, and break it or them up to discharge 
droplets of diameters of 20 jim or more. 

The invention also provides a method of applying a 
treatment liquid to the eye comprising pressurising a 
treatment liquid from a reservoir, and discharging such 

35 liquid from a nozzle in a jet or jets of minimum 
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diameter 10 /an or in multiple droplets of at least 20 pm 
diameter to a target area of the eye at sufficient speed 
to reach said target area under their own momentum. 
The invention uses a physical mechanism for 
5 creating the droplets, or at least a mechanism that does 
not result in the droplets carrying an electrical or 
electromagnetic charge, and for this purpose can use 
means similar to those already used in the ink jet 
printing industry. A few such technigues such as 

10 piezoelectric, bubble jet, and dry jet, are suitable, 

although other technigues could certainly be considered. 
Some will generate droplets from a source, and 
immediately direct them to the target area. Others will 
use an intermediate chamber or component which will 

15 receive and discharge jets or- droplets either singly or 
simultaneously. For example, a collapsible chamber can 
be maintained loaded with treatment liquid from a 
source, and completely emptied and discharged towards 
the target area as required. A dosage unit can be used 

20 to control the jets or the number or amount of droplets 
created and directed to the target area. 

By using a physical mechanism for generating the 
jets or droplets, there is little if any restriction on 
the nature of the liquid from which they are to be 

25 formed. Thus, aqueous or non-aqueous liquids can be 

used. Aqueous liquids are generally unsuited for use in 
electrodynaraic systems, or in systems reguiring the 
droplets to be created by means of an electrostatic 
charge. Particularly as for ocular treatment many of 

30 the liquids used are in aqueous solution, this feature 
of the invention is of particular benefit. Uncharged 
jets or droplets can also be easier to control as 
adverse effects from humidity and other ambient 
conditions are less relevant. 

35 The generating means can provide the seriatim or 

linear delivery of droplets from a single orifice or the 
simultaneous delivery of droplets through a plurality of 
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orifices. The nature of the treatment required will 
determine what form of delivery is appropriate, but a 
single orifice will normally be appropriate where the 
treatment is to focus on a particular area of the eye, 
5 whereas a multi-orifice system can be used if a more 

general or "blanket" distribution is appropriate. The 
use of a multi-orifice has a particular advantage in 
that it can provide the simultaneous delivery of 
different treatment liquids. This can be additionally 

10 beneficial as one orifice can be used to deliver a 

stimulant, the arrival of which at the eye surface will 
be recognised by the user, therefore confirming that the 
treatment dose as a whole has reached its target. Such 
a stimulant is preferably a coolant, as there is 

15 normally a ready recognition of a sharp lowering of a 
temperature at the eye surface. 

Other features can also be employed in devices 
according to the invention to indicate the successful 
delivery of a treatment fluid to its target. A light 

20 can be provided to maintain the eye open, and this could 
typically be white. Alternatively, a coloured system 
may be employed in which a different colour indicates 
the stage of treatment. For example , the device can be 
offered up to the eye showing a red light, which will 

25 switch to green only after the predetermined dose has 
been dispatched. 

As noted above, the invention avoids the use of 
charged droplets, and additional steps can be taken to 
ensure that they do not acquire some electrostatic 

30 charge unintentionally. For example, the entire device 
or the liquid reservoir from which the jets or droplets 
are generated can be earthed, or an earthing shroud can 
be disposed downstream of a discharge nozzle or nozzle 
matrix. It is also possible to include a sterilising 

35 unit in the device close to the discharge nozzle or 

nozzle matrix, or even an on-line filter with a 0.22pm 
filter to ensure sterility at the point of discharge. 
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The provision of these features can obviate the need to 
use any kind of preservative in the liquid source. It 
is established that even very small quantities of 
preservatives can provoke an adverse reaction when used 
5 in ocular treatment, and any means by which their use 
may be avoided can only be beneficial. 

Pursuant to the above, the present invention is 
concerned primarily, but not exclusively, with multi- 
dose devices of the above type which minimise the risk 

10 of contamination of the treatment fluid held in a supply 
reservoir. This can be achieved by ensuring that a 
discharge valve from which fluid is released opens and 
closes only while the fluid upstream of the valve is 
under pressure. Additionally, the design of the valve 

15 itself may be made specifically to minimize the risk of 
contamination at the valve services and particularly to 
minimize the retention of fluid on surfaces on the 
downstream side of the valve. 

In one embodiment of the invention, a reservoir of 

20 treatment fluid is confined in a flexible container, 

itself enclosed in a sealed housing with a pressurized 
atmosphere comprising a suitable propellant fluid. The 
reservoir is coupled to a pressure chamber in one wall 
of which the discharge valve is located. The discharge 

25 valve may be electrically or manually operated to 

release treatment fluid under the pressure at which it 
is maintained. This pressure is substantially constant 
as a consequence of the manner in which the reservoir is 
housed. Alternative means of maintaining the treatment 

30 fluid at a substantially constant pressure include the 
use of elastic container walls, fluid or other physical 
means of applying pressure thereto. Nevertheless, we 
have found that the use of a propellant fluid in a 
housing in which a sealed container providing the 

35 reservoir is disposed provides a reliable means of 

maintaining a substantially constant pressure in the 
fluid as the container is emptied. 
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The valve mechanisms used in some devices according 
to the invention have complementary conical and/or 
spherical surfaces which, when separated, allow fluid to 
pass along a path of circular cross-section. The valve 
5 mechanisms will preferably be designed to ensure that 
only a minimal portion, if any, of the valve mechanism 
is exposed externally, as well as to the treatment fluid 
in the treatment chamber. In one embodiment, the inner 
valve element is coupled to a valve stem sealed to a 

10 flexible diaphragm forming an opposite boundary of the 
pressure chamber. The valve stem can then be operated 
from outside to withdraw the inner element from the 
outer valve element and thereby release the pressurized 
fluid. In another embodiment, the inner valve element 

15 is resiliently held against the outer element, and the 
treatment fluid pressure is progressively increased 
until it is sufficient to separate the elements. This 
technique has the advantage of substantially 
predetermining the pressure of the fluid at the point of 

20 release, but precise control of the valve opening period 
is more difficult. 

Discharge valves of the kind described above can be 
oriented with their conical surfaces facing towards or 
away from the pressure chamber. Where they face toward 

25 the pressure chamber, then a direct operating system is 
preferred. If the valve is to be actuated by fluid 
pressure, then it is preferred that the valve surfaces 
face away from the pressure chamber; i.e., towards the 
treatment target. In all embodiments of the invention, 

30 the discharge valve may be operated directly or 

indirectly by electric units such as a solenoid. This 
facilitates consistency of operation with respect both 
to discharge delivery pressure and duration of valve 
opening times. 

35 Devices according to the invention can also include 

a number of safety features which are already well 
established in dosing devices of various kinds. The 
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reservoir of liquid in a device will of course have a 
finite capacity, and a dose recorder may be included to 
provide an indication of the number of doses remaining 
or delivered. A delay mechanism can also be included to 
prevent the inadvertent delivery of a multiple dose. In 
combination with the delivery signal features referred 
to above, this can be of significant benefit. 

It will be recognised that devices according to the 
invention can be for personal or hand held use, or for 
use on a more~regular basis in institutions. For 
whatever use, means can be provided for ensuring a 
proper spacing between the device and the eye to be 
targeted, and this can be made adjustable, particularly 
in the devices adapted for institutional use. In this 
respect, it will be noted that the jet and droplet 
generating mechanisms contemplated in the present 
invention will be well capable of discharging droplets 
substantially horizontally or vertically upwards over a 
minimum distance, thereby not requiring a user to 
arrange for the device to be operated from directly 
above an eye. 

Embodiments of the invention will now be described 
by way of example and with reference to the accompanying 
schematic drawings wherein: 

Figure 1 is a side elevation of an ocular treatment 
device in accordance with a first embodiment of the 
invention ; 

Figure 2 is an end view of the device of Figure 1 
in the direction of arrow A; 

Figure 3 shows a perspective view of a second 
embodiment of the invention; 

Figure 4 shows a detail cross-section of the 
discharge valve and the device of Figure 3; 

Figure 5 shows a perspective view of a third 
embodiment of the invention; and 

Figure 6 is a detailed view showing the operation 
of the device of Figure 5; and 
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Figure 7 is a block diagram of a system in which 
the pumping system for the treatment fluid is spaced 
from the discharge orifice. 

5 The treatment device shown in Figures 1 and 2 

comprises a body 2 housing a dosage control unit with an 
operating button or switch 4. At the left hand end of 
the housing 2 as shown, is mounted a matrix of discharge 
nozzles which receive treatment liquid from a source 8. 

10 Extending from the housing 2 beyond the matrix 6 are two 
projections or mounts 10 for locating the device 
relative to a user's face in front of an eye to be 
treated. Power to generate and discharge jets and 
droplets from the matrix 6 is provided by a battery 

15 located in a pocket 12 at the opposite end of the 
housing 2. 

As best shown in Figure 2, the matrix 6 comprises 
nine separate nozzles 14. Each nozzle 14 may be coupled 
to the source 8 via a chamber fitted with a 

20 piezoelectric transducer to discharge a droplet 

therefrom. The nozzle or nozzles to be activated in 
this way will be determined according to the dosage unit 
in the housing 2, and it will be appreciated that 
different manners of delivery may be selected. A single 

25 "blanket" dose may be delivered by simultaneously 

activating all nine nozzles. Alternatively, only the 
central nozzle may be activated to deliver a jet, one, 
or a sequence of droplets to substantially the same 
target area. Although as shown the source 8 provides 

30 only the source of a single treatment liquid, it can be 
divided such that different nozzles are fed with 
different liquids. Particularly, the peripheral eight 
nozzles might be used to deliver a blanket dose of 
treatment liquid, and the central nozzle to deliver a 

35 stimulant that will be recognised by the user when it 
contacts the eye, thereby informing the user that the 
treatment liquid has reached its target. Another 
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possible delivery signal mechanism uses a light source 
16 which will show one colour say red, until the switch 
4 is pressed, at which point it switches to another 
colour say green. Although a piezoelectric device has 
5 been referred to above as the activator for the nozzles 
14 in the illustrated embodiment, it will be understood 
that other droplet generating mechanisms can be 
employed. Reference has already been made to bubble jet 
systems and dry jet systems. Another possible system is 

10 the continuous jet in which a stream of liquid 

spontaneously breaks into smaller droplets under 
appropriate stimulus. This system can be effective, but # 
uses greater quantities of liquid than the others as 
normally a shutter system has to be used to control the 

15 dosage delivered. 

Devices according to the invention can typically 
generate droplets with diameters of the order of 50 pm, 
enabling the delivery of multiple droplets in metered 
doses of very low volume, 5 Ml being typical. However, 

20 much smaller droplets can be desirable in some 

applications, as can much larger droplets in others, a 
typical range being 20 to 200 /xm. What is important 
though is that each droplet has sufficient mass to 
establish momentum to carry it to the target. In this 

25 respect devices of the invention are distinct from prior 
devices which generate sprays with little or no directed 
movement. A typical delivery velocity is 10 m/s, but 
other velocities may be appropriate in particular 
applications. Because of the manner in which the dose 

30 is delivered, by using a device according to the 

invention a much greater proportion of treatment liquid 
will actually make contact with the eye, leading to less 
wastage, reduced risk of systemic absorption and 
importantly, less flooding of the eye and risk of 

35 provoking blinking or watering which can result in a 
treatment being wasted. 

As noted above, devices according to the invention 
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are adapted to discharge treatment liquid in multiple 
droplets in the range 20 to 200 fim diameter. In order 
to create a smooth discharge of liquid through the 
nozzle or nozzles, in the embodiment of Figures 1 and 2 
5 the nozzles or openings preferably have a cross-section 
which tapers towards the discharge and, with the inlet 
diameter of the order of three times that of the outlet. 
The preferred axial length of the openings is 1 to 5 
times the outlet diameter, and at the outlet the opening 

10 may be made substantially cylindrical. This arrangement 
provides for the deployment of valve mechanisms which 
operate against the nozzle walls from the inlet side as 
in the embodiment of Figures 3 and 4 described below. 
While the embodiment of Figures 1 and 2 has been 

15 described in the context of the device comprising a 

single unit, it may take the form of a modular system in 
which the delivery mechanism and the treatment liquid 
source are provided separately, or at least independent 
of each other. A liquid source can then be selected, 

20 and coupled to a delivery mechanism as desired. This 
enables the same delivery mechanism to be used for 
different treatments. Such a device of the invention 
for institutional use can provide for such selection to 
be at least partially automated. 

25 The device shown in Figure 3 comprises a main body 

22 on which is mounted a reservoir in the form of a bulb 
24 supported between two rings 26. Each ring 26 is 
fitted with a plate 28, 30, and these plates are 
connected by a cylinder 32 in which a discharge pressure 

30 chamber is defined. The pressure chamber is connected 
to the main reservoir only through a one way valve 34 
disposed substantially centrally in the cylinder wall. 

A discharge valve 36 is fitted in the plate 28 at 
the front or discharge end of the cylinder 32. A piston 

35 38 is fitted in the cylinder 32, and this either extends 
or is coupled to a piston rod which extends through the 
plate 30 for connection to a dispensing mechanism 40. 
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When the mechanism is actuated , the piston 38 is moved 
from its rest position to the left of the one way valve 
34 as shown, to pressurize fluid in the cylinder 32 
against the discharge valve 36 • In this embodiment, the 
5 valve 36 is adapted to open when the fluid pressure in 
the cylinder 32 below the piston exceeds the preset 
value. However, the discharge valve might also be 
operated in response to, for example, the piston passing 
a predetermined point in its path towards the valve. 

10 A fluid pressure-actuated discharge valve 36 is 

illustrated in Figure 4. A venturi nozzle 42 is formed 
in the plate 28, with its downstream cross-section 
closed by a ball member 44. On the upstream side of the 
plate 28, within the cylinder 32, a support is mounted 

15 for a resilient tie 46. The tie 46 holds the ball 

member 44 in place against the downstream, cone of the 
venturi nozzle 42, and the tie 46 and the support 
therefor define the preset pressure value that must be 
exceeded before treatment fluid issues from the valve* 

2 0 As will readily be understood, the amount of fluid 

discharged will be determined by the movement of the 
piston 38 and the level of the preset value which 
determines valve closure. As soon as the fluid pressure 
falls below the preset value, the ball member 44 will 

25 re-engage with the juxtaposed conical surface of the 
venturi nozzle, and until the respective surfaces are 
engaged, treatment fluid will continue to be discharged. 
As a consequence, there is a minimal risk of 
contamination of the treatment fluid remaining in the 

30 cylinder 32 and indeed the reservoir 54 . It will be 

appreciated that the tie 46 and the support therefor on 
the plate 28 can be adjustable to vary the preset 
pressure value. Once the valve has closed, the piston 
38 is withdrawn past the one way valve 34, enabling the 

35 cylinder to refill with fluid from the bulb 24. 

While the resilient tie 46 and support therefor on 
the plate 28 will determine the closure of the valve 36, 
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the amount of fluid discharged will of course be 
determined by the stroke of the piston 38- The 
piston/cylinder are typically dimensioned, and the 
dispense mechanism designed to provide for the discharge 
5 of five microlitres in a single stroke, with the preset 
pressure value being reached just as the piston passes 
the one way valve 34. This minimises the build up of 
negative pressure in the fluid as the piston is 
withdrawn. A spring 48 can be provided behind the plate 

10 30 to withdraw the piston 38. The piston is normally 

advanced by a dispense button or trigger 50 which can be 
coupled directly to the piston 38, or indirectly via 
electric unit such as a solenoid. 

In the device of Figures 5 and 6 the treatment 

15 fluid is kept under the same pressure throughout. The 
components are mounted in the body 52, and comprise a 
reservoir 54 and a discharge housing 56. As is better 
shown in Figure 6, a discharge housing 56 defines a 
pressure chamber 58 with a discharge nozzle 60 formed in 

20 one wall thereof. The nozzle 60 is closed from inside 
the pressure chamber 58 by means of a valve element 62 
which traverses the chamber and is sealingly mounted in 
a diaphragm 64 which closes the opposite wall of the 
pressure chamber 58. 

25 The pressure chamber 58 is coupled directly to the 

treatment fluid reservoir 54 via a connecting union 66. 
The reservoir comprises a flexible container 68 within a 
sealed casing 70. The casing 70 is filled with a 
propellant fluid which maintains the container 68 under 

30 continuous substantially constant pressure. This 

pressure is in turn imparted to the treatment fluid 
within the container and as a consequence, the pressure 
of the treatment fluid in the container 68 and the 
pressure chamber 58 is maintained at a substantially 

35 constant level. 

With the arrangement described above, the treatment 
fluid in the device of Figures 5 and 6 is an essentially 
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closed system. With the treatment fluid in this system 
being under substantially constant positive pressure, 
the operation of the device is relatively 
straightforward. As soon as the valve element 62 is 
5 withdrawn from the nozzle 60, then the pressure of the 
fluid causes it to discharge from the nozzle 60. 
Movement of the valve can be controlled manually, but a 
solenoid drive unit is preferably included, as this 
enables electronics to be used to pre-program the valve 

10 to be opened for specific fixed periods. The device 22 
provide a positive delivery of unit doses according to 
prescribed requirements. 

A particular advantage of the device shown in 
Figures 5 and 6 is that the treatment fluid reservoir 

15 can easily be replaced. The reservoir can be provided 
as a pressurised unit with a seal in the union 66 which 
is broken as it is inserted into the discharge housing 
56. If the device is to be adapted for use with 
replaceable reservoirs, then the discharge housing 56 

20 may of course be provided with a bleed valve for the 
pressure chamber 58. 

Figure 7 shows in block diagram form, a multi-dose 
forced-flow. A Hamilton syringe 72 is coupled to a 
stepper motor 74, the two being mounted in the same 

25 module 76. The outward end of the syringe 72 is 

connected by means of Teflon tubing to a spray head 78 
which includes a simple reservoir with a detachable cap 
80 in which the discharge orifice is formed. Thus, 
activation of the stepper motor 74 will depress a piston 

30 in the syringe 72 and discharge a corresponding amount 
of fluid in the syringe 72 along the tubing. This will 
result in the treatment fluid in the spray head being 
pressurised, and as a consequence a jet or stream of 
droplets are discharged from the orifice. 

35 The operation of the stepper motor 76 and syringe 

72 are controlled by a programmable electronics module 
82 such as a MC20 Indexer. The use of such an 
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electronics control module provides for very accurate 
control of the stepper motor, and therefore the amount 
of fluid discharged from the Hamilton syringe 72. The 
Hamilton syringe typically has a capacity of 2.5 ml, and 
5 the tubing connecting the spray head 78 to the syringe 
72 is typically a short length of 0.8 mm bore Teflon 
tubing. The spray head 78 comprises a cylindrical 
stainless steel chamber onto which is screwed a small 
molybdenum disc with a central aperture of the required 

10 size, typically 100 /xm. 

A multi-dose forced flow device of the type 
described above with reference to Figure 7 with a 100 /ra 
orifice has been used in tests in which a single 5 /il 
dose of isotonic 4% Pilocarpine hydrochloride 

15 (Pilocarpine HC1) solution is administered to the 

corneal surface of the left eye of each of 10 rabbits, 
with the rabbits right eyes remaining undosed. The 
animals selected for the study were allowed to 
acclimatise for 4 to 5 days prior to treatment, and were 

20 subjected to manual restraining for the 2 days prior to 
the study to condition them to the procedures involved 
in dosing. In conducting the study, the following 
machine settings were used. 

100 fim nozzle diameter 

25 . 5 /Al dose volume 

2.5 cm distance between nozzle tip and animal 
eye 

sprays targeted towards the centre of the 
cornea of the animal eye 
30 . Flow rate of 100 ixl/s 

The miotic response (reduction in pupil diameter) 
at various intervals following the application of the 
pilocarpine HCl solution was monitored under constant 
illumination using video photography. The value of the 
35 pupil diameter of the left eye was expressed in 

proportion to the diameter of a fixed reference aperture 
situated at an equal distance from the video camera. 
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The actual diameter was then calculated from the known 
diameter of the reference aperture. 

Table 1 shows the pupil diameter of the left eye at 
different intervals following application of the test 
5 dose o 

TABliE l: Pupil Diameter (mm} Following Application of 5 
til sorav of 4% Pilocarpine HC1 Using Optidvne sprav 
Device (Mean of 10 Rabbits) 

10 

Measurement Tiroepoint 





Dose 
<0 rain) 


♦15 
min 


♦30 
min 


+45 
min 


+ 1 
hr 


+1.5 
hr 


+ 2 
hr 


+2.5 
hr 


+ 3 
hr 


+3.5 
hr 


+ 4 
hr 


Mean 


7.4 


6.2 


6.3 


6.3 


6.6 


6.9 


7.1 


7.3 


7.4 


7.6 


7.7 


S.D.* 


0,7 


0.7 


0.7 


0.6 


0.7 


0.6 


0.7 


0.6 


0.8 


0.7 


0.7 



* Standard Deviation 

25 



30 
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CLAIMS 



10 



15 



1. An ocular treatment device comprising a 
reservoir for a source of treatment liquid, the 
reservoir being coupled to a discharge nozzle; means for 
pressurising treatment liquid from the reservoir, and 
providing for discharge of such pressurised liquid from 
the nozzle in the form of a jet or in multiple droplets 
of at least 20 diameter to a target area of the eye. 

2. A device according to Claim 1 including means 
for controlling the discharge of pressurised liquid to 
determine the total quantity of treatment liquid in a 
specified discharge. 



3. A device according to Claim 1 or Claim 2 
wherein the pressurising means acts continuously on 
treatment liquid in the reservoir, the device including 
a valve operable . selectively to open the path of liquid 

20 from the reservoir to the discharge nozzle. 

4. A device according to Claim 3 wherein the 
reservoir comprises a flexible bag confined in a chamber 
containing fluid under pressure. 

25 

5. A device according to Claim 3 or Claim 4 
wherein the valve comprises an operating rod traversing 
a discharge chamber, mounted in a diaphragm sealed to a 
wall of the chamber at one end, and having a valve 

30 element resiliently biased against a valve seat defining 
the discharge nozzle in an opposite wall of the chamber 
at the other end. 

6 . A device according to Claim 1 or Claim 2 

35 wherein the discharge nozzle is disposed at the end of a 
pressure cylinder with a piston therein, the cylinder 
being selectively connected to the reservoir to receive 
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treatment fluid therefrom, which connection is closed 
during discharge of fluid through the nozzle. 

7. A device according to Claim 6 wherein said 
5 connection comprises a valve which is open when the 
piston is in a withdrawn position, but closed as the 
piston moves forward therefrom urging treatment liquid 
toward and through the nozzle. 

10 8. A device according to Claim 6 or Claim 7 

wherein the reservoir surrounds the pressure cylinder. 

9. A device according to Claim 6 wherein the 
reservoir forms a bulb around the pressure chamber. 

15 

10. A device according to any of Claims 6 to 9 
wherein the discharge nozzle has a valve seat defined in 
the outer face of a respective wall of the pressure 
chamber, with a valve element resiliently biased 

20 thereagainst, activating pressure being sufficient to 

overcome said bias and discharge liquid from the nozzle. 

11. A device according to any of Claims 6 to 9 
including a discharge valve comprising an operating rod 

25 traversing a discharge chamber, mounted in a diaphragm 

sealed to a wall of the chamber at one end, and having a 
valve element resiliently biased against a valve seat 
defining the discharge nozzle in an opposite wall of the 
chamber at the other end. 

30 

12. A method of applying a treatment liquid to the 
eye comprising pressurising a treatment liquid from a 
reservoir, and discharging such liquid from a nozzle in 
the form of a jet or in multiple droplets of at least 20 

35 /xm diameter to a target area of the eye at sufficient 
speed to reach said target area under their own 
momentum. 
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13. A method according to Claim 12 wherein a 
predetermined amount of treatment liquid corresponding 
to a specified dosage is pressurised and discharged. 

14. A method according to Claim 12 wherein a 
reservoir of treatment liquid is pressurised , and a 
predetermined amount of treatment liquid corresponding 
to a specified dosage is discharged. 

15. A method according to Claim 14 wherein the 
predetermined amount of treatment liquid is set by the 
operation of a discharge valve. 

16. A method according to Claim 15 defined by a 
separate chamber which receives treatment liquid from 
the reservoir and in which it is further pressurised and 
discharged. 



17. A method according to Claim 16 wherein the 
chamber is the cylinder of a piston cylinder mechanism. 
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